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© A film forming apparatus comprises a film for- 
ming system comprising a film forming arrangement 
necessary for forming films; and a film monitoring 
system comprising a light source (40), a light-trans- 
missive solid member (38), a signal transmitting 
means for transmitting light signals to the light-trans- 
missive solid member (38), a driving unit for driving 
the lighMransmissive solid member (38) for rotation 
about the optical axis of the light signals, an optical 
measuring unit comprising a spectroscope (53) and 
an optical detector (55), and a calculating unit (48). A 
film forming method comprises measuring the at- 
tenuation factor of transmitted light transmitted 
through a light-transmissive solid member (38) and 
attenuated by a thin film formed over the surface of 
the light-transmissive solid member (38) as a func- 
tion of the wavelength of the transmitted light, and 
controlling film forming conditions according to data 
representing changes in the thickness and the op- 
tical constant of a thin film formed over the surface 
of a film monitor (36) formed in the light-transmissive 
solid member (38), in a real-time control mode tak- 
ing multiple interference in the thin film into consid- 
eration. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a method of 
forming high-quality thin films of semiconductors, 
dielectrics and metals to be used in the electronic 5 
industry and the optical industry. 

Thin films of semiconductors, dielectrics and 
metals have widely been applied to electronic de- 
vices and optical instruments, and high-quality thin 
films meeting the requirements of advanced elec- 10 
tronic devices and optical instruments have been 
needed. Ex-situ measurement of the quality of 
films, i.e., measurement of the quality of films after 
the films have been formed, does not suffice for 
providing such high-quality films. Generally, since a 75 
film is formed by the condensation of the elements 
of source gases having high energy, modes of 
nuclei formation and growth of nuclei on the sur- 
face of a substrate are greatly dependent on film 
forming conditions. Particularly, variation of param- 20 
eters of the film forming process including the 
temperature of the substrate, the pressures of the 
source gases, plasma density and such entails 
formation of a film structure having an irregular 
morphology and voids in the film. As is generally 25 
known, the morphology of the film structure and 
voids in the film influence greatly the mechanical, 
optical and electrical characteristics of the film, and 
the irregular morphology and voids are causes of 
cracking. Accordingly, the quality of the film must 30 
be monitored during the film forming process 
through the in situ measurement of the quality of 
the film, i.e., measurement of the quality of the film 
during the film forming process, and a film forming 
apparatus provided with a film monitor capable of 35 
monitoring the film to detect the variation of the 
quality of the film during the film forming process 
is necessary. The in situ measurement of the qual- 
ity of the film must be started in the initial stage of 
the film forming process in which the film is very 40 
thin. 

The conventional film forming apparatus is pro- 
vided with a quartz oscillation type film thickness 
monitor for measuring the varying thickness of the 
film, an ellipsometer and a reflection electron moni- 45 
tor for measuring the physical properties of the 
film, and an X-ray photoelectron spectroscope 
(XPS) for inspecting the condition of the film. 

A technique for detecting matters in the envi- 
ronment with glass fibers is disclosed in Japanese 50 
Patent Application No. 4-503251, and a technique 
for changing the reflectivity through the reaction 
between a solution and a waveguide immersed in 
the solution is disclosed in U.S. Reissue Patent No. 
3,3064. 55 

A film forming apparatus provided with a com- 
paratively inexpensive ellipsometer subject to only 
a few restrictions has been used for forming high- 



quality amorphous semiconductor films, such as 
amorphous silicon hydride (a-Si:H) films to be ap- 
plied to solar cells and thin-film transistors. Gen- 
erally, the electrical and optical characteristics of 
amorphous semiconductors are dominated by 
structural disarrangement or bond defects (dan- 
gling bonds). Since the ellipsometer is insufficiently 
sensitive to the detection of slight changes in the 
optical and electrical characteristics in the band 
gap (mid-gap), the ellipsometer is unable to moni- 
tor the film quality satisfactorily during the film 
forming process. The reflection electron monitor 
and the XPS require accurate determination and 
maintenance of the positional relation between the 
monitoring beam and the sample, and the mea- 
surement of the thickness of the film in a plasma 
during the film forming process by the reflection 
electron monitor and the XPS is difficult because 
the monitoring beam is subject to the influence of 
an intense electric field. Therefore, the use of the 
reflection electron monitor and the XPS is possible 
only under limited conditions. The quartz oscillation 
monitor, on principle, is capable of monitoring only 
the variation of the thickness of the film. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present in- 
vention to provide a film forming method capable 
of forming a high-quality film and of monitoring the 
quality of substantially all kinds of thin films in a 
high sensitivity on a universally applicable measur- 
ing principle. 

Another object of the present invention is to 
provide a film forming apparatus capable of for- 
ming high-quality thin films and and provided with 
a high-sensitivity film monitoring means capable of 
monitoring the quality of substantially all kinds of 
thin films in a high sensitivity. 

With the foregoing objects in view, the present 
invention provides a film forming apparatus com- 
prising: a film forming system having a film forming 
chamber; a light source for emitting light signals; 
an optical waveguide disposed near the film for- 
ming unit disposed within the film forming cham- 
ber, and provided with a film monitoring means 
including an exposed portion of trTe~ core of the 
waveguide; a light signal transmitting means for 
transmitting light signals provided by the light 
source to the optical waveguide; a driving unit for 
driving the film monitoring means for rotation; an 
optical detector for detecting the light sent out from 
the optical waveguide; and a computing system for 
calculating changes in the optical characteristics of 
a thin film formed over the surface of the film 
monitoring means and a change in the thickness of 
the thin film on the basis of the output signals of 
the optical detector. 
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The present invention provides also a film for- 
ming method employing a multimode optical 
waveguide consisting of a core of Ni in refractive 
index, a cladding and a protective jacket, compris- 
ing: measuring the attenuation factor of transmitted 5 
light transmitted through the multimode optical 
waveguide and attenuated by refraction and inter- 
ference in a thin film of N 2 in refractive index 
greater than the refractive index Ni of the core, 
formed over the surface of a film monitor included w 
in the multimode optica! waveguide and formed by 
partly or entirely removing a portion of the cladding 
of the multimode optical waveguide, as a function 
of the wavelength of the transmitted light; and 
determining optimum film forming conditions for 75 
forming a thin film of a desired quality on the basis 
of changes in the thickness and the optical con- 
stant of the thin film. 

BRIEF DESCRIPTION OF THE DRAWINGS 20 

The above and other objects, features and ad- 
vantages of the present invention will become more 
apparent from the following description taken in 
connection with the accompanying drawings, in 25 
which: 

Fig. 1 is a perspective view of a film monitor 
formed in an optical fiber used as an optical 
waveguide; 

Fig. 2 is a perspective view of another film 30 
monitor formed in an optical fiber used as an 
optical waveguide; 

Fig. 3 is a block diagram of a CVD film forming 
apparatus in a preferred embodiment according 
to the present invention; 35 
Fig. 4 is a graph of normalized transmittance 
spectrum; 

Fig. 5 is a graph of assistance in explaining 
measuring sensitivity; 

Fig. 6 is a longitudinal sectional view of a 40 
waveguide having a film monitor; 
Fig. 7 is a schematic view of a film monitor 
combined with a temperature monitor; 
Fig. 8 is a diagrammatic view of a film monitor 
embedded in a plate; 45 
Fig. 9 is a perspective view of a film monitor 
embedded in a plane-parallel plate; 
Fig. 10 is schematic view of a film monitor 
employing a plane-parallel plate; 
Fig. 11 is a block diagram of a high-frequency so 
sputtering apparatus in another embodiment ac- 
cording to the present invention; and 
Fig. 12 is a block diagram of an ion-beam sput- 
tering apparatus in a third embodiment accord- 
ing to the present invention. 55 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

A waveguide having a high-sensitivity film 
monitor capable of in situ and ex-situ measurement 
of the characteristics of a thin film, to be employed 
in the present invention will be described prior to 
the description of the preferred embodiments of 
the present invention. 

Referring to Fig. 1 showing an optical fiber 
capable of transmitting light in multiple guided 
modes, i.e., a multimode optical fiber, serving as 
an optical waveguide having a film monitor for 
measuring the characteristics of a thin film, the film 
monitor is formed by partly or entirely removing a 
portion of the cladding and a portion of the jacket 
of the optical fiber corresponding to the film moni- 
tor to expose partly or entirely the portion of the 
core of the optical fiber corresponding to the film 
monitor. A thin film is formed over the surface of 
the film monitor during a film forming process for 
forming a thin film over the surface of a substrate. 
Measuring light of a wavelength suitable for the 
material for forming the thin film is emitted by a 
light source, such as a laser, a halogen lamp, a 
xenon lamp or a tungsten lamp, and is transmitted 
by the optical fiber to the film monitor. It is consid- 
ered that a light beam introduced into an optical 
fiber having a large diameter core, such as a 
multimode optical fiber, repeats total reflection at 
the interface between the core and the cladding at 
a total reflection angle in a fixed range and travels 
zigzag. A reflection coefficient at each reflection 
can be expressed by using Fresnel coefficient r. 
Light is propagated through the optical fiber sub- 
stantially without loss. However, since the film 
monitor is an exposed portion of the core and is 
coated with a light absorptive thin film having a 
refractive index greater than that of the core, part 
of the light travels into the thin film and repeats 
reflection within the thin film and, consequently, the 
energy of the light is absorbed by the thin film and 
the light traveling within the thin film is attenuated. 
The degree of attenuation is substantially propor- 
tional to the number of reflections at the interface 
between the core and the thin film. Therefore, the 
transmittance spectrum directly related to the op- 
tical absorption coefficient a of the thin film coating 
the film monitor can be determined through the 
measurement of the transmittance T = P/Po- How- 
ever, it is to be noted that the transmitted light 
travels into and refracted within the thin film coat- 
ing the film monitor, and the multiple reflection of 
the transmitted light occurs within the thin film. 
Therefore, the transmittance spectrum of the trans- 
mitted light is affected greatly by interference. A 
monitoring device employed in the present inven- 
tion positively utilizes the effect of interference for 
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the enhancement of the sensitivity, which is the 
principal feature of the present invention. The mon- 
itor shown in Fig. 1 has been applied to the mea- 
surement of the concentration of gases and the 
components of solutions (refer, for example, to 5 
Ruddy, et al., Journal of Applied Physics, Vol. 67, 
No. 10, p.6070). When the film monitor is applied 
to the measurement of the concentration of a gas 
or a component of a solution, an evanescent wave 
is generated at the interface because the refractive 10 
index of the gas or the solution is smaller than that 
of the core. Therefore, as is generally known, the pf = Lc/R c 

concentration of the gas or the component of the 
solution can be determined from the change of the 
transmittance spectrum of the transmitted light re- ~t 
suiting from the absorption of the evanescent wave 
by the gas or the solution. An ordinary thin film 
cannot be measured by an analysis method based 
on this principle, because the refractive index of an N r - pf/15 

ordinary thin film is far greater (about 1.5 times) 20 
than that of the core and hence any evanescent 
wave is not generated at the interface between the 
ordinary thin film and the core. 

The functions of a film monitor will be de- 
scribed with reference to Figs. 1 and 2. A film 25 
monitor 4 is a portion of the core of an optical fiber 
exposed by removing the cladding 2 of the optical 
fiber. When the surface of the film monitor 4 is 
coated with a thin film 3 having a refractive index 
greater than that of the core, the transmitted light is 30 
diffracted at the interface between the core and the 
thin film. When the transmitted light is reflected 
repeatedly in the film monitor 4, 



R r = (R - AR) N r 
0) 

AR/R « 1 



R(1 - AR/R) N r - R(1 - N r (AR/R)- 35 



where AR is a change in reflectivity when the light 40 
is reflected once, and N r is the number of repeti- 
tions of reflection. If R = 1 and AR = 0.01, N r = 
50 and therefor, 

R r = 1 - 50 x 0.01 = 0.5 (2) 45 

T = P/P 0 = 1 - R r = 0.5 (3) 

Thus, the number N r of repetitions of the total 
reflection of the transmitted light in the film monitor 50 
4 improves the total reflection loss or the change of 
the transmittance. Accordingly, it is considered that 
the measuring sensitivity is dominated by the num- 
ber N r of repetitions of total reflection of the trans- 
mitted light in the film monitor 4, and hence the 55 
geometrical conditions of the optical waveguide 
must selectively be determined to provide a neces- 
sary measuring sensitivity. A film monitor may be 



formed by removing part of a portion of the clad- 
ding of an optical fiber corresponding to the film 
monitor as shown in Fig. 2. When the optical fiber 
has the film monitor shown in Fig. 2, the optical 
fiber is disposed so that a thin film is deposited 
over the exposed surface of the core. 

The geometrical design data of a film monitor 
formed in a multimode optical— fiber will be de- 
scribed hereinafter. A parameter pf is expressed 
by: 



(4) 



where L c is the length of the film monitor and R c is 
the radius of the film monitor, i.e., the radius of the 
core. Since the numerical aperture NA of an or- 
dinary optical fiber is 0.4, 



(5) 



For example, when L c = 100 mm and R c = 
0.1 mm, N r ~ 67. When N r = 67, an absorption 
coefficient not greater than a = 10 cm 1 can be 
measured when the thickness of the thin film is 
several nanometers. It is known from expression (4) 
that the sensitivity can be enhanced by increasing 
N r by increasing L c or decreasing Rc. It is known 
from the analysis of guided mode that R c must be 
greater than 5 urn. If L c = 100 mm, a maximum 
N rrn ax is on the order of 1330 and, theoretically, the 
absorption coefficient a of a thin film having a 
thickness of about several angstroms smaller than 
10 cm 1 can be measured. Photothermal deflection 
spectroscopy (PDS) is very sensitive and has been 
used for the ex-situ measurement of a very small 
electron state density caused by defects within the 
band gap of amorphous semiconductor thin films. 
The sensitivity index ad (d is the film thickness) of 
PDS is on the order of 10*. In the film monitoring 
system of the present invention, ad = 10 s when pf 
= 1000, and the sensitivity of the film monitoring 
system is about 10 times higher than that of PDS. 

First Embodiment 

Referring to Fig. 3 showing a chemical vapor 
deposition system (CVD system) in -n-first embodi- 
ment according to the present invention for forming 
an amorphous silicon thin film, source gases hav- 
ing partial pressures controlled by a flow controller 
46 are supplied through a nozzle into a film for- 
ming chamber 31, the source gases are decom- 
posed by plasma discharge produced by applying 
a high-frequency voltage across opposite elec- 
trodes, and the elements of the source gases are 
deposited in a thin film on a substrate 32. A film 
monitor 36 as shown in Fig. 1 or 2 formed in a 
waveguide 38 is held stationary or rotated at a 
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rotating speed on the order of 15 rps during the 
film forming process. Thin films are formed si- 
multaneously over the surface of the substrate 32 
and the surface of the film monitor 36. The receiv- 
ing end of the waveguide 38 is connected to a 
lamp 40, i.e., a light source, with a coupler 39 to 
receive light emitted by the lamp 40. The light is 
transmitted through the optical waveguide 38, part 
of the light is absorbed by the thin film coating the 
surface of the film monitor 36 and, consequently, 
the light is attenuated. The attenuated light is trans- 
mitted through an optical waveguide 52 to a poly- 
chrometer 53 and a multichannel optical detector 
55, and a spectrum of the attenuated light is pro- 
duced. A computer 48 analyzes measured data 
obtained by measuring the spectrum with reference 
to film forming information fetched from a data 
base 47. If the measured data deviates from refer- 
ence data representing a desired spectrum, the 
computer 48 sends control signals through a con- 
trol line 49 to the flow controller 46, a power supply 
control system 50 a heater control system 51 for 
controlling a heater 33 for heating the substrate 32 
for the real-time control of the partial pressures of 
the source gases, the temperature of the substrate 
32 and the high-frequency voltage applied across 
the opposite electrodes to form a thin film of a 
desired quality. A Fabry-Peot etalon interferometer 
and an optical detector may be used instead of the 
polychrometer and the multichannel analyzer for 
the precision measurement of the attenuated light 
having a wavelength in the infrared region. Ar- 
rangements similar to that of the CVD system in 
the first embodiment may be applied to CVD sys- 
tems other than the CVD system in this embodi- 
ment, such as electron cyclotron resonance plasma 
chemical vapor deposition systems (ECR plasma 
CVD systems) and photoassisted CVD systems. 

An a-Si:H thin film was formed by the CVD 
system in the first embodiment. The length L c of 
the film monitor was 100 mm, and the radius R c of 
the core was 100 urn. Measured wavelengths are 
in the range of 500 to 1500 nm, which corresponds 
to the optical band gap of the a-Si:H thin film. 
Therefore the effect of changes in film quality, such 
as the density of defects and structural disarrange- 
ment, appears conspicuously in this wavelength 
range. 

Fig. 4 shows normalized spectra (TAT max ) of the 
transmitted light for the thicknesses 100 A, 120 A, 
150 A and 200 A of the a-Si:H thin film. Each 
spectrum has an absorption peak caused by inter- 
ference. The wavelength corresponding to the ab- 
sorption peak shifts regularly toward the longer 
wavelengths as the thickness of the a-Si:H thin film 
increases. The variation of defect level density 
caused by various defects in the a-Si:H thin film 
and the structural uniformity of the a-Si:H thin film 



could be known from the regular shifting of the 
absorption peak A(T/T max ) according to the vari- 
ation of the film thickness during the film forming 
process. An a-Si:H thin film of a desired quality 

5 could be formed by varying only the temperature 
of the substrate in a 10 °C temperature range ac- 
cording to the difference between the spectrum 
produced by real-time measurement of the trans- 
mitted light and a transmission spectrum stored 

10 beforehand in the data base. 

Fig. 5 shows the variation of the absorption 
coefficient with the absorption peak A(Trr max ) when 
the film thickness is 200 A. A maximum sensitivity 
that can be achieved by the ordinary phototherma! 

75 deflection spectroscopic measurement is on the 
order of 50 cm 1 . The sensitivity of the film monitor 
of the present invention is on the order of 5 cm 1 , 
which is about ten times higher than that which can 
be achieved by the ordinary photothermal deflec- 

20 tion spectroscopic measurement, when A(T/T max ) is 
about 3%. Optical state density can be determined 
from the absorption peak by calculation taking op- 
tical interference into consideration. 

Fig. 6 shows a practical structure of an optical 

25 fiber having a film monitor. The length L c of the 
film monitor is 100 mm. The optical fiber has a 
core 62, a cladding 61 cladding the core 62, and a 
heat-resistant jacket 63 of a metal, such as alu- 
minum, or a ceramic, coating the cladding 61 to 

30 protect the core 62 from the heat of the plasma. An 
optical fiber may be combined with the film monitor 
of the optical fiber as shown in Fig. 7 to correct the 
variation of the refractive index of the optical fiber 
caused by the heat of the plasma. 

35 

Second Embodiment 

Figs. 8 and 9 show a film monitor 84 employed 
in a CVD system in a second embodiment accord- 

40 ing to the present invention. This film monitor 84 is 
formed by embedding a film monitoring section of 
an optical fiber in a surface of a flat plate 86. This 
film monitor 84 is effective when a substrate must 
be heated to form a high-quality thin film thereon. 

45 The plate 86 is heated on the back side while a 
thin film is being formed over the surface thereof in 
which the film monitoring section of the optical 
fiber is embedded. The quality of the thin film can 
be measured while the thin film is being formed. It 

so is known that the quality of an a-Si:H film is greatly 
dependent on the temperature of the substrate 
during the film forming process. The use of this 
film monitor 84 is capable of monitoring actual film 
forming conditions. Since the surface of the plate 

55 86 is flat, a uniform thin film can be formed. The 
film monitor 84 need not be rotated during the film 
forming process. 
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Fig. 10 shows a plane-parallel plate serving as 
a film monitor. Light falls through a 45° prism on 
the plane-parallel plate, travels through the plane- 
parallel plate, repeating reflection, and leaves the 
plane-parallel plate through another prism. Part of 
the light is absorbed by a thin film formed over one 
of the major surfaces of the plane-parallel plate 
every time the light is reflected. Since the plane of 
polarization of the incident light is maintained, el- 
lipsometric analysis is possible. Basically, the 
mode of attenuation of the light in this film monitor 
is the same as that of the light in the film monitor 
formed in the optical fiber. Even in the initial stage 
of the film forming process, the same thin film as 
that formed over the surface of the substrate is 
formed over the surface of the plane-parallel plate. 
This film monitor is capable of measuring the qual- 
ity of the thin film in a high sensitivity. 

Third Embodiment 

Referring to Fig. 1 1 showing a sputtering film 
forming system in a third embodiment according to 
the present invention, sputtering gases having con- 
trolled partial pressures controlled by a flow con- 
troller 113 is supplied into a film forming chamber 

101 through a nozzle and a high-frequency voltage 
is applied to opposite electrodes to produce a 
plasma. Ions of the plasma impact against a target 

102 to cause the target 102 to sputter particles, 
which are deposited in a thin film over the surface 
of a substrate 103. This sputtering film forming 
system is provided with the film monitor shown in 
Fig. 1 or 2. The film monitor is rotated at a rotating 
speed on the order of 15 rps or is held stationary 
so that a thin film is formed over the surface of the 
film monitor as a thin film is formed over the 
surface of the substrate 103. Light emitted by a 
lamp, i.e., a light source, is transmitted by the 
optical fiber connected to the lamp by a coupler 
107 to the film monitor 105. Part of the light is 
absorbed by the thin film formed over the surface 
of the film monitor 105 on the aforesaid principle 
and the light is attenuated. The attenuation of the 
light is measured and a spectrum is formed by a 
Fabry-Peot etalon interferometer 115 and an optical 
detector 107. A computer 116 analyzes the mea- 
sured data with reference to a data base. If the 
measured spectrum deviates from a reference 
spectrum, the computer 116 sends control signals 
through a control line to the flow controller 113, a 
power supply control system 109 and a heater 
control system 1 1 2 to control the partial pressures 
of the sputtering gases, the temperature of the 
substrate 103 and the high-frequency voltage ap- 
plied across the electrodes in a real-time mode. A 
polychrometer and a multichannel analyzer may be 
used for measuring the attenuated light. Arrange- 



ments similar to that of this plasma sputtering 
system can be applied to various sputtering sys- 
tems, such as dc sputtering systems, other than 
the plasma sputtering system in this embodiment. 
5 Metal thin films of metals capable of being caused 
to sputter, such as aluminum and gold, and dielec- 
tric thin films could be formed in high quality by 
the plasma sputtering system inthis embodiment. 
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Fourth Embodiment 



Referring to Fig. 12 showing an ion beam sput- 
tering system in a fourth embodiment according to 
the present invention, an ion gun 226 ionizes sput- 

15 tering gases having partial pressures controlled by 
a flow controller 231 to produce an ion beam and 
irradiates a target 217 with the ion beam to cause 
the target 217 to sputter particles, which are de- 
posited in a thin film over the surface of a substrate 

20 230. The ion beam sputtering system is provided 
with a film monitor 212 similar to the film monitor 
shown in Fig. 1 or 2, which is rotated at a rotating 
speed on the order of 15 rps or held stationary. A 
thin film is formed over the surface of the film 

25 monitor simultaneously with the thin film formed 
over the surface of the substrate 230. Light emitted 
by a lamp 215, i.e., a light source, is transmitted by 
an optical waveguide 214 connected to the lamp 
215 by a coupler 216 to the film monitor 212. Part 

30 of the light is absorbed and the light is attenuated 
by the thin film formed over the surface of the film 
monitor 212 on the aforesaid principle. The attenu- 
ation of the light is measured and a spectrum is 
formed by a polychrometer 224 and a multichannel 

35 analyzer 225. A computer 223 analyzes the mea- 
sured data with reference to a data base 222 in a 
real-time mode. If the measured spectrum deviates 
from a reference spectrum, the computer sends 
control signals through a control line to the flow 

40 controller 231, an ion gun power unit 219 for sup- 
plying power to the ion gun 226 and a heater 
power unit 21 1 for supplying power to a heater for 
heating the substrate 230 to control the ion beam 
flux, the temperature of the substrate 230 and the 

45 energy of the ion beam in a real-time mode. A 
Fabry-Peot etalon interferometer and an optical de- 
tector may be employed instead of the polych- 
rometer 224 and the multichannel analyzer 225. 
Arrangements similar to that of this ion beam sput- 

50 tering system can be applied to various sputtering 
systems, such as a dc sputtering systems, other 
than this ion beam sputtering system. Metal thin 
films of metals capable of being caused to sputter, 
such as aluminum and gold, and dielectric thin 

55 films could be formed in high quality by this ton 
beam sputtering system. 

Although the invention has been described in 
its preferred form with a certain degree of particu- 
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larity, obviously many changes and variations are 
possible therein. It is therefore to be understood 
that the present invention may be practiced other- 
wise than as specifically described herein without 
departing from the scope and spirit thereof. 

Claims 

1. A film forming apparatus comprising: a film 
forming vessel defining a film forming chamber 
(31); a light source (40); an optical waveguide 
(38) formed of an optical fiber, having a film 
monitor (36) formed by exposing a portion of 
the core of the optical fiber, and disposed with 
its film monitor (36) disposed near a film for- 
ming unit disposed within the film forming 
chamber (31); a light transmission means for 
transmitting light signals provided by the light 
source (40) to the optical waveguide (38); a 
driving unit for driving the film monitor (36) for 
rotation; an optical detector (55) for detecting 
the light outgoing from the optical waveguide; 
and a computing unit (48) that calculates the 
variations in the optical characteristics and the 
thickness of a thin film formed over the surface 
of the film monitor (36) on the basis of the 
outputs of the optical detector (55). 

2. A film forming apparatus comprising: a film 
forming vessel defining a film forming chamber 
(31); a light source (40); an optical waveguide 
(38) formed of an optical fiber, having a film 
monitor (36) formed by exposing a portion of 
the core of the optical fiber, and disposed with 
its film monitor (36) disposed near a film for- 
ming unit disposed within the film forming 
chamber (31); a light transmission means for 
transmitting light signals provided by the light 
source (40) to the optical waveguide (38); a 
driving unit for driving the film monitor (36) for 
rotation; an optical detector (55) for detecting 
the light outgoing from the optical waveguide; 
and a computing unit (48) that calculates the 
differences in optical characteristics between 
the thin film formed over the surface of the film 
monitor (36), and the core of the optical 
waveguide on the basts of the outputs of the 
optical detector. 

3. A film forming apparatus comprising: a film 
forming vessel defining a film forming chamber 
(31); a light source (40); an optical waveguide 
(38) formed of an optical fiber having a core 
and a cladding coating the core, and having a 
film monitor (36) formed by partly or entirely 
removing a portion of the cladding in a section 
of the optical fiber extending near a film for- 
ming unit disposed within the film forming 



chamber (31); a driving unit for driving the film 
monitor for rotation; an optical detector (55) for 
detecting the amount of light emitted by the 
light source (40) transmitted through the op- 

5 tical waveguide (38) and outgoing from the 

optical waveguide; and a computing unit (48) 
that calculates variations jn the optical char- 
acteristics and the thickness of a thin film 
formed over the surface of the film monitor 

io (36) on the basis of the outputs of the optical 

detector (55). 

4. A film forming apparatus comprising: 

a film forming system including a film for- 

75 ming vessel defining a film forming chamber 

(31), and a film forming unit disposed within 
the film forming chamber; and 

a film monitoring system comprising a 
light source (40), a multimode optical fiber (38) 

20 consisting of a core, a cladding for cladding 

the core, and a jacket, and having a film moni- 
tor (36) formed by partly or entirely removing a 
portion of the cladding in a section of the 
multimode optical fiber (38) extending near the 

25 film forming unit, a driving unit for driving the 

film monitor for rotation, a light measuring unit 
consisting of a spectroscope (53) and an op- 
tical detector (55), for measuring the intensity 
of light emitted by the light source (40) trans- 

30 mitted through the multimode optical fiber (38) 

and outgoing from the multimode optical fiber; 
a refractive index measuring means for mea- 
suring the refractive index of a thin film formed 
over the surface of the film monitor (36), and a 

35 calculating unit (48) that calculates changes in 

the optical characteristics and the thickness of 
the thin film on the basis of the output of the 
optical detector (55). 

40 5. A film forming apparatus according to claim 4 
further comprising a control means for control- 
ling film forming conditions dominating the 
mode of the film forming process according to 
data representing changes in the optical char- 

45 acteristics and the thickness of the thin film, 

provided by the film monitoring^ system. 

6. A film forming apparatus comprising: 

a film forming system having a fundamen- 
so tal configuration necessary for forming a thin 

film; and 

a film monitoring system comprising: a 
light source unit having a lamp or a laser as a 
light source (40), an optical coupling device 
55 (39) mounted on a flat plate to receive light 

emitted by the light source (40), a flat film 
monitoring plate, a polarizing filter for separat- 
ing incident light and return light propagated 
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through the flat film monitoring plate and re- 
flected by the end surface of the flat film 
monitoring plate, a light measuring unit for 
measuring the quantity of the return light, con- 
sisting of a spectroscope (53) and an optical 5 
detector (55), and a computing unit (48) that 
calculates changes in the optical characteris- 
tics of a thin film formed over the surface of 
the flat film monitoring plate and having a 
refractive index greater than that of the flat film io 
monitoring plate on the basis of the outputs of 
the optical detector (55); 

characterized in that film forming condi- 
tions dominating the mode of the film forming 
process are controlled according to data repre- 75 
senting changes in the optica! characteristics 
and the thickness of the thin film, provided by 
the film monitoring system. 

7. A chemical vapor deposition system having a 20 
film forming vessel defining a film forming 
chamber (31), and provided with a film moni- 
toring system comprising: 

a light source unit (40); 

an optical waveguide (38) formed of an 25 
optical fiber consisting of a core and a clad- 
ding for cladding the core, and having a film 
monitor (36) formed by exposing a portion of 
the core, and disposed with its film monitor 
disposed near a film forming unit disposed 30 
within the film forming chamber (31); 

a driving unit for driving the film monitor 
for rotation; 

a light measuring unit consisting of a spec- 
troscope (53) and an optical detector (55), for 35 
measuring the quantity of light propagated 
through the optical waveguide (38) and out- 
going from the optical waveguide; and 

a computing unit (48) that calculates 
changes in the optical characteristics and the 40 
thickness of a thin film formed over the surface 
of the film monitor (36) and having a refractive 
index greater than that of the core on the basis 
of the outputs of the optical detector (55). 

45 

8. A chemical vapor deposition system according 
to claim 7 further comprising a control means 
for controlling at least the partial pressures of 
gases, the beam current, the voltage applied 
across the electrodes or the temperature of the so 
substrate on which a thin film is to be formed, 
according to data representing changes in the 
optical characteristics and the thickness of a 

thin film formed over the surface of the film 
monitor, provided by the film monitoring sys- 55 
tern. 
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9. A chemical vapor deposition system according 
to claim 7, wherein film forming conditions 
including current supplied to the evaporation 
source and the temperature of the substrate 
and dominating the mode of the film forming 
process according to the data representing 
changes in the optical characteristics and the 
thickness of the thin film formed over the sur- 
face of the film monitor. 

10. A film monitoring system comprising: 

a light source unit (40); 

an optical waveguide (38) formed of an 
optical fiber consisting of a core, a cladding for 
cladding the core, and a jacket, and having a 
film monitor (36) formed by partly or entirely 
removing a portion of the cladding in a section 
of the optical fiber extending near a film for- 
ming unit disposed within a film forming cham- 
ber (31) of a film forming system; 

a light measuring unit consisting of a spec- 
troscope (53) and an optical detector (55), for 
measuring the quantity of light propagated 
through the optical waveguide (38) and out- 
going from the optical waveguide; and 

a computing unit (48) that calculates 
changes in the optical characteristics and the 
thickness of a thin film formed over the surface 
of the film monitor (36) and having a refractive 
index greater than that of the core. 

11. A film forming method employing a multimode 
optical waveguide consisting of a core of N1 in 
refractive index, a cladding and a protective 
jacket, said film forming method comprising: 

measuring the attenuation factor of trans- 
mitted light transmitted through the multimode 
optical waveguide and attenuated by refraction 
and interference in a thin film of N 2 in refrac- 
tive index greater than the refractive index N1 
of the core, formed over the surface of a film 
monitor included in the multimode optical 
waveguide and formed by partly or entirely 
removing a portion of the cladding of the mul- 
timode optical waveguide, as a function of the 
wavelength of the transmitted light; and 

determining optimum film ToTming condi- 
tions for forming a thin film of a desired qual- 
ity, on the basis of changes in the thickness 
and the optical constant of the thin film formed 
over the surface of the film monitor. 

12. A film forming method employing a multimode 
optical fiber consisting of a core of N1 in 
refractive index, a cladding and a protective 
jacket, said film forming method comprising: 

measuring the attenuation factor of trans- 
mitted light transmitted through the multimode 
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optical fiber and attenuated by refraction and 
interference in a thin film of N 2 in refractive 
index greater than the refractive index Nh of 
the core, formed over the surface of a film 
monitor formed by partly or entirely removing 5 
a portion of the cladding of the multimode 
optical fiber, as a function of the wavelength of 
the transmitted light; and 

determining optimum film forming condi- 
tions for forming a thin film of a desired quality 10 
over the surface of a substrate, on the basis of 
changes in the thickness and the optical con- 
stant of the thin film formed over the surface of 
the film monitor. 

75 

13. A film forming method including a method of 
measuring changes in the quantity and the 
polarizing angle of phase-modulated light fallen 
at a fixed incident angle on one end of a flat 
plate of N1 in refractive index, propagated 20 
through the flat plate and outgoing from the 
other end of the flat plate at a fixed outgoing 
angle, said film forming method comprising: 

measuring the attenuation factor of the 
transmitted light attenuated by refraction and 25 
interference in a thin film formed over the 
surface of the flat plate and having a refractive 
index N2 greater than the refractive index N1 
of the flat plate, as a function of the 
wavelength of the transmitted light; and 30 

determining optimum film forming condi- 
tions for forming a thin film of a desired quality 
over the surface of a substrate, on the basis of 
changes in the thickness and the optical con- 
stant of the thin film formed over the surface of 35 
the flat plate. 

14. A film forming method including a method of 
measuring changes in the quantity and the 
polarizing angle of light fallen at a fixed in- 40 
cident angle on one end of a flat plate of N1 in 
refractive index, propagated through the flat 
plate, reflected at a fixed reflection angle by 

the other end of the flat plate and returned to 

the plane of incidence, said film forming meth- 45 

od comprising: 

measuring the attenuation factor of the 
transmitted light attenuated by refraction and 
interference in a thin film formed over the 
surface of the flat plate and having a refractive so 
index N 2 greater than the refractive index N1 
of the flat plate, as a function of the 
wavelength of the transmitted light; and 

determining optimum film forming condi- 
tions for forming a thin film of a desired quan- 55 
tity over the surface of a substrate, on the 
basis of changes in the thickness and the 
optical factor of the thin film formed over the 
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surface of the flat plate. 

15. A film forming method including a method of 
measuring the attenuation factor of transmitted 
light transmitted through a multimode optical 
waveguide consisting of a core, a cladding for 
cladding the core, and a protective jacket, said 
film forming method comprising: 

measuring a change in the transmittance 
due to interference in the transmittance spec- 
trum of the transmitted light when an amor- 
phous or crystalline semiconductor thin film is 
formed over the surface of a film monitor 
formed by partly or entirely removing a portion 
of the cladding of the multimode optical 
waveguide; and 

determining optimum film forming condi- 
tions for forming an amorphous or crystalline 
semiconductor film of a desired quality over 
the surface of a substrate, on the basis of 
changes in the thickness and the optical con- 
stant of the amorphous or crystalline semicon- 
ductor film formed over the surface of the film 
monitor. 

16. A film forming method including a method of 
measuring the attenuation factor of transmitted 
light transmitted through a multimode optical 
waveguide consisting of a core, a cladding for 
cladding the core, and a projective jacket, said 
film forming method comprising: 

measuring a change in the transmittance 
due to interference in the transmittance spec- 
trum of the transmitted light in a wavelength 
range corresponding to the band gap of a 
dielectric thin film having a refractive index 
greater than that of the core and formed over 
the surface of a film monitor formed by partly 
or entirely removing a portion of the cladding 
of the multimode optical waveguide; 

monitoring changes in the thickness and 
the optical constant of the dielectric thin film; 
and 

determining optimum film forming condi- 
tions for forming a dielectric thin film of a 
desired quality over the surface of a substrate, 
on the basis of data obtained by monitoring 
changes in the thickness and the optical con- 
stant of the dielectric thin film formed over the 
surface of the film monitor. 

17. A film forming method including a method of 
measuring the attenuation factor of transmitted 
light transmitted through a multimode optical 
waveguide consisting of a core, a cladding for 
cladding the core, and a protective jacket, said 
film forming method comprising: 

measuring a change in the transmittance 
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due to interference in the transmittance spec- 
trum of the transmitted light in a wavelength 
range corresponding to the plasma edge of a 
metal thin film having a refractive index greater 
than that of the core and formed over the 5 
surface of a film monitor formed by partly or 
entirely removing a portion of the cladding of 
the multimode optical waveguide; 

monitoring changes in the thickness and 
the optical constant of the metal thin film; and w 

determining optimum film forming condi- 
tions for forming a metal thin film of a desired 
quality over the surface of a substrate. 

75 



20 



25 



30 



35 



40 



45 



50 



55 



10 

BNSDOCID: <EP 0652304A 1_l_> 




BNSDOCID: <EP 0652304A1 I > 



11 



EP 0 652 304 A1 



FIG. U 




s / A / 

N / ' J(T/Tmax) 



d =100 A 

d=120A 

d = 150A 

d = ml 



i_l i i ' I I ' ' ' I J I L_ 



1000 

WAVELENGTH (nm) 



1500 



FIG. 5 



80 



' 1 1 I 



n — i — i — r 



i 1 — I 1 — i 1 r 




J I 1 L_ 



20 

d(T/Tmax) 



40 



RNSOOCID- <EP 0652304A1 I 



13 



EP 0 652 304 A1 



FIG. 6(a) 
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